Abstract. Here we present very general fractional representation formulae for a function in terms of the fractional Riemann-Liouville integrals of different orders of the function and its ordinary derivatives under initial conditions. Based on these, we derive general fractional Ostrowski type inequalities with respect to all basic norms.
Introduction
Let f : ra, bs Ñ R be differentiable on ra, bs, and let f 1 : ra, bs Ñ R be integrable on ra, bs, then the following Montgomery identity holds [2] : (1) f pxq " 1 b´a 
J 0 a f pxq :" f pxq, x P ra, bs. Properties of the above operator can be found in [3] .
When α " 1, J 1 a reduces to the classical integral.
In [1] , we proved the following fractional representation formula of Montgomery identity type. Theorem 1. Let f : ra, bs Ñ R be differentiable on ra, bs, and f 1 : ra, bs Ñ R be integrable on ra, bs, α ≥ 1, x P ra, bq. Then When α " 1, the last p5q reduces to classic Montgomery identity p1q.
In this article, we find higher order fractional representation for f pxq, similar to basic (5), and from there we derive interesting fractional Ostrowski type inequalities.
Main results
Next, we give higher order fractional representation of f subject to initial conditions. Theorem 2. Let α ą 2, x P ra, bq fixed, f : ra, bs Ñ R twice differentiable, with f 2 : ra, bs Ñ R integrable on ra, bs. Assume f 1 pxq " 0. Then
f pxq " pb´xq 2´α α´1
"´p b´aq α´2 f paq`Γpαq Proof. Let here α ą 2 and there exists f 2 : ra, bs Ñ R that is integrable on ra, bs. Next, we use integration by parts, plus the assumption f 1 pxq " 0. We have
That is
Next, we observe But we see that We have produced (6).
We continue with Theorem 3. Let α ą 3, x P ra, bq fixed, f : ra, bs Ñ R three times differentiable, with f 3 : ra, bs Ñ R integrable on ra, bs. Assume f 1 pxq " f 2 pxq " 0. Then
Proof. Let here α ą 3 and there exists f 3 : ra, bs Ñ R that is integrable on ra, bs. As before, we have that
By assumption, we have f 1 pxq " f 2 pxq " 0. Next, we use repeatedly integration by parts
Similarly, we find
That is, we found
Notice that
We have
We notice that (39)´αpα´1qpα´2q "´3pα´1qpα´2q´pα´1qpα´2qpα´3q.
But we see that
We derived that We continue with Theorem 4. Let α ą 4, x P ra, bq fixed, f : ra, bs Ñ R four times differentiable, with f p4q : ra, bs Ñ R integrable on ra, bs. Assume f 1 pxq " f 2 pxq " f 3 pxq " 0. Then
Proof. Let here α ą 4 and there exists f p4q : ra, bs Ñ R that is integrable on ra, bs. As before, we have that We continue with Theorem 5. Let α ą 5, x P ra, bq fixed, f : ra, bs Ñ R five times differentiable, with f p5q : ra, bs Ñ R integrable on ra, bs. Assume f pjq pxq " 0, j " 1, 2, 3, 4. Then
Proof. Let here α ą 5 and there exists f p5q : ra, bs Ñ R that is integrable on ra, bs. As before, we have that
By assumption, we have f pjq pxq " 0, j " 1, 2, 3, 4. In general, the following fractional representation formula holds Theorem 6. Let α ą n, n P N, x P ra, bq fixed, f : ra, bs Ñ R n-times differentiable, with f pnq : ra, bs Ñ R integrable on ra, bs. Assume f pjq pxq " 0, j " 1, . . . , n´1. Then 
